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1 TITLE OF THE INVENTION 

2 Semiconductor Laser Module 

3 BACKGROUND OF THE INVENTION 

4 Field of the Invention 

5 The present invention relates to a semiconductor laser module in 

6 which a photodiode is provided for monitoring the operation of a laser diode 

7 by observing its backward emission. 

8 Description of the Related Art 

9 In a semiconductor laser module as described in Japanese Patent 



10 Publication No. 2000-269584, (see Fig. 1), a silicon substrate 10 has a part of its 

11 major surface anisotropically etched to create a stepped lower level. A laser 

12 diode 11 is formed on the major surface of the substrate for the emission of a 

13 forward laser beam from its front end and a backward laser beam from its 

14 rear end. An optical fiber 13 is secured on the substrate to receive the 

15 forward laser beam through a lens system 14. A monitoring photodiode 12 is 

16 secured on the lower level of the substrate proximate to the rear end of laser 

17 diode 11. The module is covered with a transparent resin mold 15 which is 

18 coated with a reflecting film 16. A portion of the resin mold 15 that is formed 

19 on the photodiode 12 is so curved that the backward laser beam is internally 

20 reflected off the curvature of the reflecting film to the light receiving surface 

21 of the photodiode 12. The output current of the photodiode is observed to 

22 monitor the operation of the laser diode. 

23 Therefore, the curvature of the resin mold is a critical factor for 

24 determining the amount of laser beam incident on the light receiving surface 

25 of the photodiode. However, difficulty exists in consistently forming resin 

26 molds having a predetermined curvature. This results in variability of 

27 curvature among different products, causing monitoring photodiodes to 

28 produce output currents which differ significantly from one laser module to 

29 another. Precision molding of resin was required at the cost of low yield. 

30 Japanese Patent PubUcation No. 1998-22576 discloses a laser module in 
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1 which the module is covered with resin mold and the forward laser beam of a 

2 laser diode is reflected off a skewed surface and emanated at right angles 

3 through the resin mold to the outside. Resin mold is used for the purpose of 

4 rigidly integrating and holding all elements of the module in proper fixed 

5 positions relative to each other. The backward laser beam illurainates a 

6 photodiode which is located in a position adjacent the laser diode. However, 

7 the resin mold has irregular surface contour which causes the backward Ught 

8 to bounce off randomly. Such reflections may hit the light receiving surface 

9 of the photodiode, causing it to produce an output current different from the 

10 rated value. Further, there is an inevitable of loss of light due to the Umited 

11 light transmissivity of the resin with which the photodiode is covered. The 

12 provision of resin mold itself represents the potential cause of low yield. It is 

13 desirable that the laser module is not covered with a resin mold. 

14 In addition, the prior art resin-covered laser module suffers from 

15 another problem associated with a laser driver that drives the laser diode 

16 with a high frequency information signal. Since the laser module is 

17 substantially covered with a resin mold, the laser driver is located outside of 

18 the covered elements Hence, long bonding wires are required to supply high 

19 frequency current from the laser driver to the laser diode. Due to the long 

20 bonding wires, the high frequency information signal suffers from 

21 attenuation as well as from waveform distortion, thus making it difficult to 

22 ensure satisfactory Ught modulation performance. 

23 SUMMARY OF THE INVENTION 

24 It is therefore an object of the present invention to provide a 

25 semiconductor laser module which can be manufactured with high yield at a 

26 reduced cost. 

27 Another object of the present invention is to provide a semiconductor 

28 laser module in which a laser driver is provided to enable the laser diode to 

29 operate with sufficient energy of high frequency information signal to exhibit 

30 satisfactory light modulation performance. 
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1 According to the present invention, there is provided a semiconductor 

2 laser modiile comprising a semiconductor substrate, a laser diode secured on 

3 the substrate for emission of a forward laser beam from a forward end thereof 

4 and for emission of a backward laser beam from a point source on a rearward 

5 end thereof in a horizontal direction; and a photodiode secured on the 

6 substrate, the photodiode having a light receiving surface extending in the 

7 horizontal direction by length L from an edge proximate to the laser diode for 

8 receiving a lower half of the backward laser beam, the hght receiving surface 

9 being lower than the point source by a vertical distance Y, the edge being 

10 spaced a horizontal distance Z from the point source of the laser diode, 

11 wherein the horizontal distance Z is equal to or greater than (Y/ tan 9) - L, 

12 where 6 is a vertical angle in which the lower half of the backward laser beam 

13 radiates from the point source. 

14 Preferably, the laser diode and the photodiode are not covered with resin. 

15 The substrate may be formed with an upper surface and a lower surface, and 

16 the laser diode is secured on the upper surface and the photodiode is secured 

17 on the lower surface. 

18 BRIEF DESCRIPTION OF THE DRAWINGS 



19 The present invention will be described in detail further with reference 

20 to the following drawings, in which: 

21 Fig. 1 is a side view of a prior art semiconductor laser module; 

22 Fig. 2 is a side view of a semiconductor laser module according to the 

23 present invention; 

24 Figs. 3A and 3B are plan and side views, respectively, of the laser 

25 module of the present invention for illustrating dimensional relationships 

26 between the laser diode and the photodiode; and 

27 Fig. 4 is a graphic representation of the output current of the 

28 photodiode as a function of the separation between the emission point of 

29 backward laser beam and the hght receiving surface of the photodiode when 

30 the proximal edge of the light receiving surface is spaced a distance 200 
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1 micrometers from the emission point of the backward laser beam; 

2 Fig. 5 is a plan view of a semiconductor laser module in which a laser 

3 driver is provided; and 

4 Fig. 6 is a cross-sectional view taken along the line 6-6 of Fig. 5. 

5 DETAILED DESCRIPTION 

6 Referring now to Fig. 2, there is shown a semiconductor laser module 

7 of the present invention. The present invention eliminates the need to 

8 provide a transparent resin mold for reflecting the backward laser beam. 

9 Without using the resin mold, the manufacturing steps of laser modules are 

10 reduced and their yield is significantly improved. 

11 The laser module of this invention comprises a single-crystalline silicon 



12 substrate 20, a laser diode 21 and a photodiode 22. Part of the substrate 20 is 

13 anisotropically etched along its (100) crystal plane to form a lower surface 20B 

14 stepped down from the major surface 20A. Laser diode 21 is secured on the 

15 major surface 20A and the photodiode 22 on the lower surface 20B. 

16 Laser diode 21 provides emission of a forward laser beam from a first 

17 point source on its front end and emission of a backward laser beam from a 

18 second point source S on its rear end. The forward laser beam is utilized by 

19 an external utilization means, not shown. As illustrated in detail in Figs. 3A 

20 and 3B, the photodiode 22 has a flat light receiving surface 30 which is 

21 illuminated directly with an incident backward laser beam 31 from the point 

22 source S. The light receiving surface 30 may take any of the square, 

23 rectangular, circular and elliptical shapes. 

24 Prior to the anisotropic etching, the vertical position of lower surface 

25 20B is determined with respect to the point source S so that the light receiving 

26 surface 30 is positioned at a level lower than the point source S by a vertical 

27 distance Y. Light receiving surface 30 has a front edge 32 which is spaced a 

28 distance Z from the rear end of the laser diode 21 and has a length L from the 

29 front edge 32. Backward laser beam 31 is emitted so that it forms a light spot 

30 which subtends a horizontal angle 2<|> as viewed from above (Fig. 3A) and a 
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1 vertical angle 29 as viewed from sideways (Fig. 3B). In order to produce a 

2 sufficient monitor current from the photodiode 22, the light receiving surface 

3 30 is subjected to the lower half of the backward laser beam from the point 

4 source S if the following relation holds: 

tanO 

6 where, 6 is the vertical angle of the lower half of the backward laser beam. 

7 Fig. 4 shows a result of experiments when the output current of 

8 photodiode 22 was measured when the distance Z is fixed at 200 ^m and the 

9 vertical distance Y is varied in the range from 40 ^im to 160 ^im. A peak 

10 current of approximately 210 \jiA was obtained when the vertical distance Y 

11 was equal to 120 \im. The current value of 210 \iA is sufficient for monitoring 

12 purposes. 

13 Fig. 5 shows a semiconductor laser module provided with a laser driver 

14 40. In this embodiment, the silicon substrate 20 is covered with a photomask 

15 (not shown) having a pattern of the photodiode 20 and laser driver 40 and 

16 anisotropically etched through the mask to a specified depth where the lower 

17 surface 20B appears (see Fig 6). Photodiode 22 is secured on the lower 

18 surface 20B and the laser driver 40 is also secured on the same surface in a 

19 position adjacent to the photodiode 22 and remote from the laser diode 21. A 

20 pair of patterned electrodes 41 are laid out on the upper surface 20A, 

21 extending lengthwise from opposite sides of the laser diode 21 past the 

22 photodiode 22 to positions close to the laser driver 40. A pair of bonding 

23 wires 42 are used to connect the laser driver 40 to the patterned electrodes 41 

24 to supply high frequency information signals from the laser driver 40 to the 

25 laser diode 21. Since the ends of the conducting electrodes are close to the 

26 laser driver 40, the bonding wires 42 can be made as short as possible. As a 

27 result, the high frequency information signal suppUed from the laser driver 

28 40 to the laser diode 21 suffers from less attenuation and less distortion 

29 compared to the prior art. Therefore, the laser diode 21 is supplied with 
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1 sufficient energy of high frequency electrical signal to exhibit satisfactory 

2 light modulation characteristics. 



